I
t is now widely accepted that the microRNA family of short noncoding RNAs has an important regulatory role in almost all aspects of the immune response, including the proliferation, differentiation and activation of cells of the immune system 1 . In contrast, little is known about long noncoding RNAs (lncRNAs), tens of thousands of which have been identified by high-throughput sequencing. To address this issue, Ranzani et al. have catalogued the expression of intergenic lncRNAs (lincRNAs) in 13 subtypes of human T cells and B cells, from which they have identified a group of 180 lincRNAs that are subtype selective 2 . Notably, they show that a member of this group, linc-MAF-4, promotes a CD4 + T helper type 1 (T H 1) phenotype by acting in cis to suppress the expression of MAF, which encodes the CD4 + T H 2 cell-promoting transcription factor c-Maf.
Interest in the area of noncoding RNAs has been driven by rapid advances in sequencing technology; studies using these techniques have shown that much of the genome is transcribed into lncRNAs (with sequences of over 200 nucleotides) 3 . Since little is known about their function and mechanism, lncRNAs tend to be arbitrarily grouped into intergenic, antisense and pseudogene families on the basis of their position relative to protein-coding genes and/or sequence conservation. In this context, the lincRNAs described by Ranzani et al. are located between protein-coding genes 2 . These differ from the antisense lncRNAs that are transcribed across the exons of proteincoding genes from the opposite strand and the transcribed pseudogene lncRNAs that are
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Sequencing studies have provided a comprehensive catalog of the expression of intergenic long noncoding RNAs (lincRNAs) in 13 subsets of human T cells and B cells. Subtype-selective lincRNAs are among those identified, including linc-MAF-4, that might regulate T cell differentiation.
generally produced when a gene loses its ability to produce a functional protein.
The first indication that lncRNAs might regulate the innate immune response was the identification of a lincRNA located downstream of Ptgs2 (which encodes the cyclooxygenase COX2) that was upregulated in mouse macrophages following exposure to lipopolysaccharide 4 . As a result of its proximity to the gene encoding COX2, this lincRNA was named 'lincRNA-Cox2' . Subsequent studies have shown that lincRNA-Cox2, as well as other lncRNAs, such as LETHE, THRIL, NEAT1, PACER and IL-1β-RBT46, regulate the production of inflammatory mediators, although their physiological importance has yet to be confirmed in an in vivo model of innate immunity 5, 6 .
By comparison, despite the fact that the T cell-associated lncRNAs NRON ('noncoding repressor of NFAT') and Gas5 ('growth arrestspecific 5') were discovered nearly a decade ago, much less is known about lncRNA expression associated with the adaptive immune response 5, 6 . Crucially, this situation has been transformed by sequencing studies investigating lincRNA expression in the mouse T cell lineage 7 and the report here by Ranzani et al. 2 . However, before proceeding to examine these in detail, we need to highlight a genetic study that was the first to demonstrate that lincRNAs regulate the immune response in vivo 8 . This seminal work identified the lincRNA NeST ('nettoie Salmonella pas Theiler's') in mice and showed that its overexpression is responsible for increased persistence of Theiler's virus and reduced pathogenesis of Salmonella enterica. The authors also demonstrated that this effect is mediated through NeST-induced upregulation of interferon-γ in CD8 + T cells 8 .
Investigations into lncRNAs commonly begin by using RNA sequencing to identify those that are expressed differently in different biological conditions. Ranzani et al. use this approach to examine the profile of lincRNA expression in 13 populations of human lymphocytes, including seven CD4 + T cell subsets, three CD8 + T cell subsets and three B cell subsets isolated from circulating blood 2 . A similar approach was adopted to investigate the role of lincRNAs during the development and differentiation of mouse T cells 7 . In that case, the mouse T cells were derived from lymph nodes and were either sorted by flow cytometry into different developmental stages or stimulated under polarizing conditions in vitro to induce the differentiation of naive CD4 + cells into various lineages 7 . The distinction between using human cells and using mouse cells is crucial, since lincRNAs are generally believed to exhibit low evolutionary sequence conservation, with estimates that only ~15% of mouse proteincoding genes have homologs in humans 9 . It is therefore difficult to extrapolate profiling studies from one of these species to the other, which explains the importance of the article by Ranzani et al. in this issue 1 .
To catalog the lincRNAs, Ranzani et al. use a combination of programs for alignment (TopHat and STAR) and assembly (Cufflinks and Trinity) of the sequence data 2 . After removing potential protein-coding genes, they identify 4,754 lincRNAs, including 563 previously unknown transcripts, in the various human lymphocyte populations, a number comparable to the 1,524 lincRNAs identified in mouse T cells 7 . Unfortunately, they make no attempt to compare the sequences of the lincRNAs in these two populations. However, examination of the genomic positions indicates that the lincRNAs in both mice and humans are located near, and their expression correlates with, genes associated with the immune response, which indicates a possible functional N e w s A N D v i e w s npg importin-β family of nuclear transporters and the transcription factor STAT3 and antagonize their interaction with other proteins 5, 6 . In contrast to those lincRNAs, less is known about the third group of lincRNAs, which interact with components of chromatinmodifying complexes, including the repressive complex PRC2 (refs. 5,6) . Interestingly, it would appear that linc-MAF-4 falls into this final group, since its action requires DNA looping to bring linc-MAF-4 into proximity with the MAF promoter and to ensure the subsequent recruitment and activation of the PRC2-associated histone methytransferase EZH2 (ref.
2). The histone demethylase LSD1 is also recruited into the linc-MAF-4-associated complex, although its activity is unchanged following the activation of CD4 + T H 2 cells. As for all these chromatinassociated lncRNAs, additional studies are needed to determine all the component of the chromatin complex, the kinetics of assembly and contribution of linc-MAF-4.
Overall, the report by Ranzani et al. has provided the first comprehensive catalog of lincRNA expression in the various human T cell and B cell populations found in circulating blood 2 . This will provide a foundation for the difficult and time-consuming process of identifying those lincRNAs that regulate of the T H 1 phenotype. Equivalent observations were made in a mouse study examining lincR-CCR2-5′AS, a lincRNA encoded by a gene located adjacent to a cluster of chemokine receptor-encoding genes, including Ccr2 (ref. 7 ). This lincRNA is selectively upregulated during the differentiation of CD4 + T H 2 cells, and knockdown studies have demonstrated that lincR-CCR2-5′AS not only is required for the migration of T cells into the lungs but also seems to regulate many genes associated with T cell differentiation 7 .
Having demonstrated repression of MAF expression, Ranzani et al. next proceed to investigate the mechanism of action of linc-MAF-4 (ref.
2). To our mind, this is one of the most interesting aspects of the emerging lncRNA field, with evidence that the actions of individual lncRNAs are mediated both through protein binding and through base pairing with RNA and/or DNA 11 . Indeed, with the increasing numbers of immune system-related lncRNAs that have been characterized, it is possible to divide these into three general mechanisms. One group of lincRNAs can act as 'decoys' to prevent protein-DNA interactions and include those that bind to the transcription factor NF-κB and the glucocorticoid receptor 5, 6 . Another group of lincRNAs has been shown to bind to proteins such as the link. Having identified those lymphocyteassociated lincRNAs, they use cluster analysis to show that in contrast to mRNA, these lincRNAs are expressed in a highly subtypespecific manner, an observation that has been made before for mouse T cells 7 . Notably, this group of lymphocyte-associated lincRNAs includes a smaller subgroup of 180 lincRNAs selectively expressed in a single T cell or B cell population, with 'selective expression' defined as an increase in expression of over 2.5-fold compared with expression in all other cell populations (Fig. 1) .
Clearly, the selective expression of lincRNAs in different lymphocyte populations raises the question of whether they regulate lymphocyte differentiation and/or function or not. To address this, Ranzani et Interestingly, the transcriptional and effector programs of the various helper-like ILC lineages largely mirror those of the previously identified helper T cell subsets, and related roles have been assigned to ILCs and helper T cells in immunity to infection and in the pathogenesis of various diseases. The finding that helper T cells and helper-like ILCs produce the same cytokines has led to an unprecedented reassessment of the unique contributions that ILCs and helper T cells make to immunity to infection and to the pathogenesis of immune system-mediated diseases. While the overall 'layout' of ILC lineages is now supported by robust data, a comprehensive map of their differentiation states and of their relationships is not yet the various aspects of the adaptive immune response. However, in moving forward, many issues will need to be addressed. Potentially the greatest hurdle is the lack of evolutionary sequence conservation, which makes it difficult to extrapolate from animal models to humans. This will need to be addressed through the development of more appropriate algorithms for the identification of the protein-binding structures and/or the short RNA-DNA pairing regions that are linked to lncRNA action 9 . It will also be important to develop moreefficient and high-throughput approaches for the identification of the functional lncRNAs among the thousands that are characteristically identified by high-throughput sequencing.
In this context, inhibition or overexpression of lncRNA at the transcriptional level through the use of clustered regularly interspaced palindromic repeats and a catalytically inactive form of Cas9, a nuclease associated with such repeats, might provide a novel alternative to the use of small interfering RNA or antisense oligonucleotides 12 and has already been used to knock down six common lncRNAs 13 . In summary, the journey to understanding the role of lincRNAs and the other lncRNAs in the immune response has only just begun. However, if the functions of the various lncRNA families turn out to be as varied as those of microRNAs, there will be many exciting discoveries ahead.
Profiling the diversity of innate lymphoid cells
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Genome-wide transcriptional profiling of tissue-resident innate lymphoid cells (ILCs) has provided important insight not only into their developmental relationships and phenotypic plasticity but also into previously unknown functions. 2 . Among the genes with the highest expression in helper-like ILCs compared with their expression in cNK cells is that encoding the T cell antigen receptor (TCR) γ-chain variable region 3 (Tcrg-V3), confirmed by PCR to be a germline transcript (Fig. 1) . Helper-like ILCs do not express functional γδ TCR proteins but probably have open chromatin at the Tcrg locus, which may be driven by signaling via interleukin 7 (IL-7) and/or IL-15 (ref. 5) . Notably, the gene encoding the receptor for IL-7 (Il7r) is another whose expression is characteristic of all helper-like ILCs compared with its expression in cNK cells. From an evolutionary perspective, it is interesting that helper-like ILCs already make use of components of the adaptive immune system, such as the RAG recombinase. Published data have shown that components of the RAG recombinase are required for the cellular fitness of ILCs 6 . Future research should investigate the role of IL-7-induced chromatin remodeling and of RAG proteins in the maintenance, differentiation and memorylike qualities of ILCs.
The analysis of genes uniquely expressed by individual ILC subsets suggests previously
